There has been substantial worldwide interest in the reduction of the burden of malaria \[[@b1-kjp-56-6-625]\]. Malaria has been eliminated from Europe, North America, and parts of other continents through deliberate vector control, treatment with effective drugs as well as improved social and living conditions \[[@b2-kjp-56-6-625]\]. Despite a long time of scientific progress in preventing, treating, and understanding the parasite and its means of reproduction, it remains one of the 10 major threats to global health in 2018 and is still a leading cause of morbidity and mortality worldwide, posing a major public health challenge in several countries across sub-Sahara Africa \[[@b3-kjp-56-6-625]\]. In 2015, there were 214 million cases of malaria and approximately 438,000 deaths reported, with 90% of the deaths in sub-Sahara Africa. While some countries achieved remarkable reduction in malaria cases in the 1950s and early 1960s, the momentum for malaria eradication program stalled thereafter with the World Health Organization (WHO) settling for malaria control \[[@b4-kjp-56-6-625]\].

In spite of the significant declines in malaria at global level, slower declines were reported in the 15 highest burden countries, the majority of which are situated in sub-Sahara Africa \[[@b3-kjp-56-6-625]\]. Despite the recent stable political and economic situation in the last few decades allowing for a fairly good appreciation of the malaria situation, Uganda is among the top 4 countries with cases of malaria, especially among children under 5 years of age \[[@b5-kjp-56-6-625]\]. Major challenges to malaria control in Uganda include high malaria transmission intensity, insufficient financing, improper health-care resources, poor health system, and inadequate comprehension of malaria epidemiology and the impact of control intervention. Other challenges include the increasing resistance of parasites and mosquitoes to drugs and insecticides, inappropriate care management, and the limited infrastructure for the monitoring of disease trends. One of the reasons for these challenges is the inadequate malaria case detection. The strategy for malaria control in endemic countries such as Uganda involves prevention (such as vector control strategies) and quick case management \[[@b6-kjp-56-6-625],[@b7-kjp-56-6-625]\]. Despite the positive impact of passive case detection, active case detection by rapid diagnostic tests, undertaken by health-care workers to identify symptomatic and asymptomatic patients for medical evaluation and to facilitate early entry into malaria care, can be employed as a supplementary approach to reduce diagnostic delay and to identify cases missed by routine services.

Recently, there has been a renewed Global Campaign against malaria with the goal of achieving sustained control and eventual elimination of malaria \[[@b8-kjp-56-6-625]\]. In addition, there have been several initiatives to rapidly scale-up existing malaria interventions across Uganda \[[@b9-kjp-56-6-625]\]. The Roll Back Malaria (RBM) initiative emphasizes vector control using indoor residual spraying (IRS), long lasting insecticide-treated mosquito nets (LLINs), prompt diagnosis and effective treatment of cases, as well as intermittent presumptive treatments \[[@b10-kjp-56-6-625]--[@b15-kjp-56-6-625]\]. These initiatives have been shown to individually contribute towards the reduction in mosquito populations and mosquito bites; preventing the spread of malaria \[[@b16-kjp-56-6-625]\]. However, malaria persists in being the most common illness in Uganda and access to adequate treatment remains an essential challenge, especially in rural families \[[@b9-kjp-56-6-625]\]. One of the reasons is the inadequate case detection. It is estimated that large numbers of new cases were either never diagnosed or they received treatment from the private sector. Untreated patients continue to transmit malaria and those treated incorrectly could develop drug resistance. Based on the Uganda malaria case management viewpoint, the private sector, including the private for profit hospitals and clinics, pharmacies, and drug stores are important providers of health services with up to 80% of patients seeking treatment at this level \[[@b17-kjp-56-6-625]\].

However, diagnostic testing with rapid diagnostic tests (RDTs) is only permitted in approved pilot areas of the country \[[@b18-kjp-56-6-625]\]. Thus, the introduction of malaria diagnostics with supportive interventions, including training and supervision, may be a good strategy to improve malaria case management service \[[@b19-kjp-56-6-625]--[@b21-kjp-56-6-625]\]. Malaria surveillance depends on 2 important methods. Passive case detection (PCD); whereby malaria cases are diagnosed only by village health workers or at the clinic when the patient is brought in for treatment, is generally now preferred over active case detection (ACD) in many malaria intervention studies \[[@b22-kjp-56-6-625],[@b23-kjp-56-6-625]\]. Instead of PCD, ACD can be employed as a supplementary approach to eliminate diagnostic delay and to identify cases missed by routine services. ACD is an initiative undertaken by health-care providers to identify both symptomatic and asymptomatic patients for medical evaluation and to facilitate early entry into malaria care.

Despite the above, high rates of recurrent malaria after treatment have been reported from different high burden sub-Saharan African countries. Like other districts in Uganda and indeed other sub-Saharan African countries, malaria control activities in Kyankwanzi district have been mainly facility, community, and home-based PCD of fever, targeting children under 5 years of age, as well as the distribution of insecticide-treated nets (ITNs) \[[@b24-kjp-56-6-625]\]. This study elucidates whether or not ACD using village health teams (VHTs) in Kiyuni Parish, Kyankwanzi district shows reduction of malaria cases, and to systematically strengthen the already existing malaria vector control interventions and their delivery mechanism in the parishes. From the analysis of a pilot, ACD showed a 50% reduction in the prevalence of parasitaemia within 1 year (Kim et al., unpublished data) performed at the same parishes with this main malaria control project. From this preliminary data, we decided the massive diagnostic and control tests for the elucidation of the efficiency of ACD as a malaria control project.

Kyankwanzi district is in a region of high malaria prevalence and the disease contributes more than 45% of the health burden in the district. Moreover, although both curative and preventive intervention is offered by the health-care system for malaria control, there has been slow progress in the elimination of both malaria cases and the infective mosquito populations.

The study procedures concerning the collection of samples from participants, laboratory investigation, interview, and questionnaire completion were reviewed and approved by the Institutional Review Board (IRB) of the Inha University Hospital (IUH-IRB 13-2661), and Institution Review Committee, Uganda of Mbarara University (11/01-14). The study was conducted according to the principles of the 1964 Helsinki Declaration. Further permission to conduct this study was sought from Kyankwanzi Local Government leadership and Local Council 1 Chairperson. Before the start of the study, the government officials, district Health Officers, and broadcasters were briefed; and a census was conducted in all 6 villages and households. All participants (household members) read through the participant information sheet, explaining the objectives, procedures and possible risks, and benefits of the research project. Signed consent forms were obtained from the participants and their parents, guardians (for children aged below 18 years), or legal representatives prior to sample submission. Personal information was obtained through household survey and by the use of questionnaires. Questionnaires had both open- and closed-ended questions on the number of family members, name and gender, date of birth of each family member, occupation of the head of household, level of literacy, and monthly family living expenses. All investigators were responsible for conducting, recording, translating, and transcribing their own interviews. During the interview, investigators observed and took note of the type of residence, presence or absence of shutters, and inquired about coverage of mosquito nets and the source of water for domestic use. The consent forms were designed in English and translated to Luganda, the commonly used language in the study area; either English or Luganda forms were then used depending on each participant's preference. Additionally, a personal identification number for each member of a participating household was used on all documents for each participant, instead of the individual's name. After the interview, every house was provided with at least a minimum of 2 LLINs to complement the wire mesh installed in the windows of all households by the ChildFund Uganda, in the parish.

This study, based on a program supported by ChildFund Korea, was set in Kiyuni Parish, a rural parish in Uganda. Prior to the commencement of the study, all health workers and VHT participated in a week-long training program that consisted of formal discussions about the study protocol, interview questions, and qualitative interviewing techniques. The training also included how to conduct RDTs, new approaches to home-based management of fever at village level, as well as on ITN use at household level. Health workers also received training on the handling of medicines and logistics management. Data collection tools were pretested in another parish in Kyankwanzi district to exclude any ambiguity in the questions. Every week, 2 laboratory staffs visited the villages to meet with the VHTs for quality control while VHT members, on a monthly basis, were subjected to support supervision. Refresher orientation in data management was given twice in the fourth quarter of the 1st and 2nd year of the study to data managers.

Uganda (officially the Republic of Uganda), is a landlocked country in the African Great Lakes Region in East Africa. The neighboring countries are Kenya, Tanzania, Rwanda, Democratic Republic of Congo, and South Sudan. Straddling the equator, there is little year-round fluctuation in temperature and no real winter or summer. The hottest months are January and February when the average daytime range is 24--33°C (52--91°F) with peaks of up to 40°C/104°F in the far north. The 6 villages of Kiyuni Parish, where the study was conducted, are Bulyanzige, Kikandwa, Kikubya, Kiyuni Central, Kyerere East, and Kyerere North; and these are located in Gayaza sub-County, Kyankwanzi district, that was curved out of Kiboga district ([Fig. 1](#f1-kjp-56-6-625){ref-type="fig"}). Kiyuni Parish is located in the Central Region of Uganda about 150.4 km from Kampala. It lies approximately between 1° north of the equator and 31.5° east. It borders the district of Masindi to the northeast, Mubende to the southwest, Kibale to the west, Nakaseke to the east, Hoima to the North-west, and Kiboga to the south-east. The total land area of Kiyuni Parish is about 250 km^2^. The total population of the Kiyuni Parish is 5,017 people of which 1,232 are children below 5 years of age while the numbers of households are 980. The total population of 5,017 people did not include the 64 neonates (who have considerable resistance to *P. falciparum*, especially when born to immune mothers in areas where malaria is endemic), included in this study.

This study was implemented over 2 years in the 6 villages. Malaria transmission in this area has not been described in detail previously; the most dominant malaria parasite is *Plasmodium falciparum* while the major transmission vectors are *Anopheles gambiae s.l*. and *An. funestu* representing about 87--100% of the collected anopheline mosquitoes, depending on the area \[[@b25-kjp-56-6-625]\]. In case of malaria incidence in Uganda, there are some reports that maximum daily temperature is negatively correlated with malaria prevalence and literatures found negative associations with increased daily maximum temperatures \[[@b26-kjp-56-6-625]\]. Random sampling, which occurred 6 times overall among individuals, regardless of age, gender, social status, or ethnicity, was performed every 4 months for 2 years at the primary health centers in the 6 malaria-endemic villages of Kiyuni Parish, Uganda. Participants were sampled as previously described \[[@b27-kjp-56-6-625]\]. Fingertip blood samples (approximately 50--100 μl) were collected by the laboratory technicians from each participant. The technicians involved in this study received detailed training, and their performance and agreement to participate were monitored through internal and external quality control assessments. RDT testing (SD BioLine Malaria Antigen P.f/P.v Test, Standard Diagnostics, INC., Yongin, Korea) was performed according to the manufacturer's instructions. In brief, approximately 20 μl of whole blood was loaded into the injection well of the device. The assay diluents were added to the buffer well. The test results were interpreted within 20 min and only considered positive if the internal control and either the Histidine-Rich Protein (HRP)-II band or *p*LDH bands were positive. The control line indicates that the test has been performed well. Positive or negative results for respective malaria parasite are based on the color code shown on the strip. Test line intensities, visible as cherry-red to purple colored lines, were scored according to 4 category systems: none (no line visible), weak (paler than the control line \[+\]), medium (equal to the control line \[++\]), and strong (stronger than the control line \[+++\]). All the kits were tested, and the results were validated to ensure strict adherence with the manufacturer's instructions. There were no invalid test results. The evaluation process maintained an unbiased method. The status of samples was unknown to the persons involved at pre-analytical and analytical phases of the procedures.

This program covered the potential target population of 5,017 individuals. Our team screened 12,257 samples for malaria by ACD every 4 months from February 2015 to January 2017 in the 6 villages. [Table 1](#t1-kjp-56-6-625){ref-type="table"} gives the analysis of positive RDTs of the population at every village screened by ACD. During the study period, ACD detected 2,519 positive RDTs among the cases from the total number of 12,157 screened samples (positive rate= 20.55%). [Table 2](#t2-kjp-56-6-625){ref-type="table"} represents the details of the malaria positive RDTs screened and detected by the first to the sixth ACDs (1st: 575/2,815 \[20.43%\], 2nd: 237/1,537 \[15.42%\], 3rd: 442/1,998 \[22.12%\], 4th: 724/2,147 \[33.72%\], 5th: 288/2,017 \[14.28%\], and 253/1,743 \[14.52%\]). [Table 3](#t3-kjp-56-6-625){ref-type="table"} shows the percentages for the conversion status of the diagnostic results detected by ACD using RDTs from February 2015 to January 2017. The negative conversion rate is the percentage of malaria-positive cases in a specific time that converted to malaria negative cases with RDTs, whereas the positive conversion rate is that from negative to positive cases. The negative conversion rates at each ACD time point were 66.8%, 57.8%, 47.2%, 76.6%, and 74.3%, respectively. But the positive conversion rates were more than 10.9% at each ACD time point ([Table 3](#t3-kjp-56-6-625){ref-type="table"}). Additionally, even with our functional malaria elimination program in these villages, more than 23.5% of initially malaria positive patients were still malaria-positive at the end of this program, despite medication and LLIN supply. We also analyzed the conversion rate status by age groups, screened and detected by ACD ([Table 4](#t4-kjp-56-6-625){ref-type="table"}). However, our analysis results are rather difficult to interpret because the trends were not clear. For example, from the 1st and 2nd ACDs and from the 3rd and 4th ACDs, the proportions of positive individuals who converted to negative decreased. However, that proportion abruptly increased from the 3rd and 4th ACDs. This pattern is not straightforward to understand. In addition, it is important to mention that our dataset had many missing data. For instance, the numbers of observations at the 1st and 2nd ACDs were 2,815 and 1,537, respectively. This high proportion of missing data was consistent regardless of which subgroup was analyzed. For example, with children (0 to 10 years old), the number of observations at the 1st and 2nd ACDs were 1,239 and 737, respectively ([Table 4](#t4-kjp-56-6-625){ref-type="table"}). Therefore, the main limitation of our analysis is that the results may be sensitive to the propensity of the individuals with missing data. In particular, if positive individuals tend to dropout more often than negative individuals, our result could be subjected to serious bias. Based on these facts, we admit that our analysis result may not be confirmatory and should be interpreted with caution.

Early diagnosis and treatment of malaria cases are crucial to ensuring the success of malaria elimination in endemic regions. According to the manufacturer's data, the specificity of testing by RDT in our study was high (specificity: 99.5%; sensitivity for *P. falciparum* 99.7%). It is possible that in our high endemicity malaria context, a high proportion of individuals might be having low parasite density not detected by microscopy, despite having experienced microscopists and quality control in the reading of each individual blood smear. Early diagnosis reduces patients' suffering, medical costs, and interrupts the transmission of disease. While some efforts towards the accessibility to malaria diagnosis and treatment have substantially improved for several countries across sub-Sahara Africa, these are insufficient to meet the global target of universal access to ACDs and diagnostic testing \[[@b28-kjp-56-6-625],[@b29-kjp-56-6-625]\]. Key strategies for malaria vector control and case management include IRS, ITNs, and prompt case management with anti-malaria drugs \[[@b30-kjp-56-6-625]\]. However, Uganda has some of the highest recorded measures of malaria transmission intensity in the world \[[@b31-kjp-56-6-625]\]. In addition, there are essential evidences that, despite clear advances in other regions of Africa, malaria incidence has not diminished significantly in most of Uganda. Even with improvements in malaria control efforts, considerations for malaria elimination in Uganda within the next few decades are unrealistic \[[@b32-kjp-56-6-625]\].

Our study confirms that the incidence of malaria remains unacceptably high despite efforts to scale-up and improve the use of LLINs and access to ACDs, based on the average incidence confirmed by RDT. Incidence was high even among individuals reported to be using LLINs. It is well known that the ITN is highly effective in controlling malaria because of the endophagic and late biting behavior of the 2 main vectors in Uganda. Otherwise, in Southwestern Uganda, a low transmission area, IRS is effective in response to changing transmission patterns \[[@b33-kjp-56-6-625]\]. Effectiveness of ITNs is not only determined by the coverage, adherence to the appropriate use of the nets, and periodic re-treatment of the nets, but also on the specie of the vector responsible for malaria transmission \[[@b34-kjp-56-6-625]\]. Therefore, alternative measures are urgently needed. The strength of our study is that of random sampling by households, and a relatively large sample size. Random sampling at household level minimized the risk of confounding due to differences in malaria exposure or access to health-care. Thus, more comprehensive and sustained control measures may be required to reduce the massive disease burden in Uganda. Furthermore, appropriate strategy should include strategic completion of available tools, which have improved remarkably in recent times, to ensure aggressive control of malaria, and therefore a decrease in the burden of malaria in Uganda \[[@b35-kjp-56-6-625]\].
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###### 

Details of each village population screened and detected by active case detection from February 2015 to January 2017 with rapid diagnosis tests

  Name of village (Total population[\*](#tfn1-kjp-56-6-625){ref-type="table-fn"})   RDT            1st ACD (%)    2nd ACD (%)    3rd ACD (%)    4th ACD (%)    5th ACD (%)    6th ACD (%)
  --------------------------------------------------------------------------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------
  Bulyanzige (792)                                                                  Positive       136 (26.8)     65 (23.6)      58 (17.1)      111 (29.6)     34 (14.1)      51 (18.2)
  Negative                                                                          370 (73.1)     210 (76.4)     281 (82.9)     264 (70.4)     208 (85.9)     230 (81.8)     
  Total                                                                             506            275            339            375            242            281            
                                                                                                                                                                              
  Kikandwa (364)                                                                    Positive       52 (19.3)      36 (22.9)      64 (34.8)      80 (41.2)      27 (16.9)      33 (21.7)
  Negative                                                                          218 (80.7)     121 (77.1)     120 (65.2)     114 (58.8)     133 (83.1)     119 (78.3)     
  Total                                                                             270            157            184            194            160            152            
                                                                                                                                                                              
  Kikubya (1,764)                                                                   Positive       204 (26.6)     51 (21.3)      115 (24.0)     278 (39.2)     129 (20.1)     91 (20.9)
  Negative                                                                          562 (73.4)     188 (78.7)     365 (76.0)     431 (60.8)     507 (79.9)     345 (79.1)     
  Total                                                                             766            239            480            709            636            436            
                                                                                                                                                                              
  KiyuniCentral (817)                                                               Positive       33 (7.7)       9 (4.4)        55 (20.5)      75 (22.0)      26 (10.2)      17 (5.9)
  Negative                                                                          395 (92.3)     194 (95.6)     213 (79.5)     266 (78.0)     229 (89.8)     272 (94.1)     
  Total                                                                             428            203            268            341            255            289            
                                                                                                                                                                              
  KyerereEast (716)                                                                 Positive       120 (22.9)     54 (13.0)      70 (17.2)      107 (51.0)     30 (7.3)       32 (9.7)
  Negative                                                                          403 (77.1)     360 (87.0)     338 (82.8)     103 (49.0)     383 (92.8)     298 (90.3)     
  Total                                                                             523            414            408            210            413            330            
                                                                                                                                                                              
  KyerereNorth (565)                                                                Positive       30 (9.3)       22 (8.8)       80 (25.1)      73 (22.3)      42 (13.5)      29 (11.4)
  Negative                                                                          292 (90.7)     227 (91.2)     239 (74.9)     245 (77.7)     269 (86.5)     226 (88.6)     
  Total                                                                             322            249            319            318            311            255            
                                                                                                                                                                              
  Total (5,017)                                                                     Positive       575 (20.4)     237 (15.4)     442 (22.1)     724 (33.7)     288 (14.3)     253 (14.5)
  Negative                                                                          2,240 (79.6)   1,300 (84.6)   1,556 (77.9)   1,423 (66.3)   1,729 (85.7)   1,490 (85.5)   
  Total                                                                             2,815          1,537          1,998          2,147          2,017          1,743          

Source: Kiyuni Village Health Team's records (January 2014).

###### 

Details of the malaria patients screened and detected by ACD

  1st ACD      2nd ACD    Total                
  ------------ ---------- ------------ ------- -------
  Positive     101        203          271     575
  Negative     136        1,095        1,009   2,240
  Non-tested   0          2            2,200   2,202
  Total        237        1,300        3,480   5,017
  2nd ACD      3rd ACD    Total                
  Positive     Negative   Non-tested           
  Positive     62         85           90      237
  Negative     151        707          442     1,300
  Non-tested   229        764          2,487   3,480
  Total        442        1,556        3,019   5,017
  3rd ACD      4th ACD    Total                
  Positive     Negative   Non-tested           
  Positive     143        128          171     442
  Negative     262        676          618     1,556
  Non-tested   319        619          2,081   3,019
  Total        724        1,423        2,870   5,017
  4th ACD      5th ACD    Total                
  Positive     Negative   Non-tested           
  Positive     110        359          255     724
  Negative     86         701          636     1,423
  Non-tested   92         669          2,109   2,870
  Total        288        1,729        3,000   5,017
  5th ACD      6th ACD    Total                
  Positive     Negative   Non-tested           
  Positive     45         130          113     288
  Negative     135        900          694     1,729
  Non-tested   73         460          2,467   3,000
  Total        253        1,490        3,274   5,017

###### 

Percentages for the conversion status of the diagnostic results detected by ACD from February 2015 to January 2017

                                                 1st→2nd (%)   2nd→3rd (%)   3rd→4th (%)   4th→5th (%)   5th→6th (%)
  ---------------------------------------------- ------------- ------------- ------------- ------------- -------------
  Positive→Positive                              33.2          42.2          52.8          23.5          25.7
  Negative→Negative                              89.0          82.4          72.1          89.1          87.0
  Positive→Negative (Negative conversion rate)   66.8          57.8          47.2          76.6          74.3
  Negative→Positive (Positive conversion rate)   11.1          17.6          27.9          10.1          13.3

###### 

Details of conversion status depending on the age groups screened and detected by ACD from February 2015 to January 2017

  Year groups                                    Group                                          1st→2nd (%)   2nd→3rd (%)   3rd→4th (%)   4th→5th (%)   5th→6th (%)
  ---------------------------------------------- ---------------------------------------------- ------------- ------------- ------------- ------------- -------------
  \<5 years                                      Negative conversion rate (Positive→Negative)   65.8          51.9          36.4          73.7          69.6
  Positive conversion rate (Negative→Positive)   15.9                                           23.9          41.2          13.5          19.3          
  Sample No./Total sample No.                    400/689                                        278/400       342/501       375/539       359/474       
                                                                                                                                                        
  5--10 years                                    Negative conversion rate                       59.6          51.8          37.6          74.9          71.7
  Positive conversion rate                       16.1                                           24.5          40.0          15.5          19.6          
  Sample No./Total sample No.                    737/1,239                                      497/916       608/987       659/968       619/827       
                                                                                                                                                        
  \>10 years                                     Negative conversion rate                       0.0           76.5          65.2          82.8          78.7
  Positive conversion rate                       6.8                                            12.4          16.0          7.2           6.5           
  Sample No./Total sample No.                    766/1,510                                      486/767       563/1,024     539/961       537/846       
                                                                                                                                                        
  Total                                          Negative conversion rate                       66.8          57.8          47.2          76.6          74.3
  Positive conversion rate                       11.0                                           17.6          27.9          10.9          13.0          
  Sample No./Total sample No.                    1,535/2,815                                    1,005/1,537   1,209/1,998   1,256/2,147   1,210/1,743   

[^1]: Vide acknowledgements for names.
